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AUTONOMOUS STEP UP SWITCHING TRANSFORM E R CONVERTER 

This application is a U.S. National Stage application of PCT Application No. 
PCT/AT 2004/000270, filed July 26, 2004, which claims priority from Austrian 
Application No. A 1423/2003, filed on September 9, 2003. 

FIELD OF THE INVENTION 
The present invention pertains to an autonomous step up switching converter 
for converting an input DC-voltage into an output DC-voltage . 

BACKGROUND OF THE INVENTION 

A large number of switching converters have become known for the supply of 
electronic devices, wherein a distinction is made between flyback converters and 
forward converters; however, mixed types have also become known. Complicated 
solutions meet the greatest variety of requirements regarding performance, short 
circu it-proof ness, noiselessness, etc. 

There are cases, in which for the current supply of smaller devices, e.g., even 
the control circuit of a switching converter, an auxiliary current supply is needed, on 
which special electrical requirements are not placed, which, however, will not 
noticeably affect the costs of the actual device, e.g., of a switching converter. 
Autonomous flyback converters, in which the presence of a transformer with an 
additional auxiliary winding is, however, required, are often used in such cases. One 
of many examples of such a flyback converter can be taken from, for example, DE 30 
07 566 Al. 

US 5 227 964 relates to a switching power supply with a transformer. An AC 
voltage is converted by means of a rectifier to a DC voltage, the latter being switched 
by a switching transistor to a primary winding of the transformer and the 
corresponding AC voltage at the secondary winding being converted by means of a 
two way rectifier into an output DC-voltage. The voltage across a measurement 
resistor on the primary side is compared with a reference voltage and an amplifier 
supplies an overcurrent shut-off signal to the control circuit of the switching transistor 
in order to limit the output current. 



FRZ-108US 



MARKED-UP VERSION OF SPECIFICATION 
- 2 - 



BRIEF SUMMARY OF THE INVENTION 
The present invention is the creation of an autonomous switching converter, 
i.e., of a switching converter that does not need its own control component, which can 
be constructed with as few components as possible in a cost favorable manner. 

In one exemplary embodiment on outonomous a step up switching converter, m 
which, according to the present invention, an i nput vo l tage can be app li ed to a storage 
i nductor bv moans of o f i rst is characterized by a first semiconductor switch arranged 
in series connection with a storage inductor and a sensor resistor, the control 
electrode of said first semiconductor switch being connected via a resistor to said 
input voltage, said resistor constituting the operating resistor of a second 
semiconductor switch, the voltage drop of a- said sensor resistor that i s connected i n 
scr i es to the sw i tch is fed to a -the control electrode of a -the second semiconductor 
switch as an indicator of the current through the i nductor, the i nput vo l toge i s 
connected to the contro l e l ectrode of the f i rst sw i tch v i a a res i stor, th is contro l 
e l ectrode can be grounded v i a the sw i tching path of the second sw i tch, where i n, after 
sw i tch i ng on the i nput vo l tage dur i ng o f i r s t conduct i on phase of a f i rst durat i on of the 
f i rst switch and an increase i n current through the inductor, the second sw i tch 
becomes conductive and breaks the contact of the f i rst switch, whereupon the storage 
i nductor then supp li es energy i nto on output capac i tor for a second duration v i a a 
rectifier d i ode, unt il the capacitor of a scr i es RC c l ement that connect s the sw i tch i ng 
i nput of the second switch said storage inductor, and that connection of said storage 
inductor connected to said first semiconductor switch being connected on the one 
hand via a rectifier diode to an output capacitor which carries the output voltage and 
on the other hand via a series RC element to the control input vo l tage i s charged, the 
contact of the second semiconductor switch i s broken, and the f i rst sw i tch becomes 
conduct i ve aga i n . 

A flyback converter according to the present invention can be constructed with 
two transistors and afi -one inductor as well as with a few resistors and two capacitors 
and there is no need for a transformer nor for a separate control unit . Therefore, such 
a flyback converter is preferably suitable for the supply of smaller devices, e.g., also 
for the supply of the control circuit of a larger switching converter. 
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If on l y one i nductor is used, the rect i f i er d i ode may ga l van i ca ll y connect the 
output capac i tor to the storage i nductor. 

It i s a l so poss i b l e, on the other hand, for the storage i nductor to be formed by 
the pr i mary w i nd i ng of a transformer, on the secondary w i nding of which ore 
connected the rect i f i er diode and the output copacitor. A greater d i men si on i ng rang e 
i s obtained by means of the se l ection of the transm i ss i on rat i o of the two i nductors in 
th i s cose, wh i ch concerns the i nput vo l tage and the output voltage. 

For protecting the second transistor and for i mprov i ng the switch i ng behav i or, 
i t may be expedient i f the capac i tor of the RC c l ement con be d i scharged v i a a drop 
resistor and a d i scharge d i ode w i th the f i rst sw i tch sw i tched on, wherein the drop 
resistor (Rs) i s cons i derab l y smal l er than the resistor of the RC c l ement. For the same 
reason, i t i s advantageous if the control i nput of the second sw i tch i s protected by 
means of a reverse pole protect i on d i ode. 

With regard to a simple decoupling it may be advantageous if the voltage drop 
across the sensor resistor is fed to the control electrode of the second semiconductor 
switch via a resistor. 

If functioning of the converter shall also be guaranteed w i thout in the absence 
of a load resistor, it is recommended that in order to control the output voltage be 
regu l ated at the output capac i tor. Such a regu l at i on may advantageous l y occur such 
tbaMhe switching path of a third semiconductor switch, whose control input is 
connected to the output voltage via a Zener diode, lies in parallel to the switching path 
of the second semiconductor switch. 

H owever, when us i ng a transformer, i t is adv i sab l e i f the sw i tch i ng path of the 
second sw i tch is br i dged over by the col l ector em i tter path of the phototransistor of on 
optocoup l cr, whose send i ng d i ode i s connected at the output vo l tage v i a a Zener 
d i ode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention together with other advantages is described in detail 
below on the basis of two-an exemplary cmbod i mcnts embodiment , which af=e-is 
illustrated in the drawing. In this drawing: 

Figure 1 shows the circuit of a switching converter according to the 
present invention with only one storage inductor.7-af>4 
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F i gure 2 shows another embod i ment of a sw i tching converter accord i ng to 

the present i nvent i on, wh i ch uses a transformer. 

DETAILED DESCRIPTION OF THE INVENTION 

As Figure 1 shows, a dtreeHDC input voltage U E is grounded by means of a 
storage inductor LI, the collector-emitter path of a transistor Tl and a sensor resistor 
R2. A resistor Rl leads from the positive pole of the direct DC input voltage U E to the 
base of the transistor Tl and to the collector of another transistor T2, whose emitter is 
grounded. The emitter of the first transistor Tl leads the voltage drop at R2 via a 
resistor R4 to the base of the second transistor T2, which is connected to the 
connecting point of the storage inductor LI and of the collector of the transistor Tl via 
the series connection of a capacitor CI and a resistor R5. This connect i ng connection 
point leads to an output capacitor C2 via a rectifier diode Dl. 

If, as shown on the very right in Figure 1, a load resistor RB is not connected to 
the circuit just described, care must be taken for the regulation of the output voltage 
U A at the capacitor C2. For this, a third transistor T3 is provided, whose collector- 
emitter path lies in parallel to the collector-emitter path of the transistor T2, and 
whose base is connected to the output voltage U A via a resistor R6 and a Zener diode 
D4. 

The transistors Tl, T2 and T3 are, quite generally, controlled semiconductor 
switches, wherein field effect transistors (FETs) are preferably used. 

The circuit according to the present invention works as follows. The direct 
input voltage U E of, for example, 15 V, which may not exceed the allowable gate 
source voltage when using an FET, is connected at the storage inductor LI as well as 
at the resistor Rl. The gate of the transistor Tl is charged via the resistor Rl, and 
this transistor switches on, as a result of which the current in the storage inductor LI 
increases linearly. The amount of this current is shown at the sensor resistor R2, i.e., 
the voltage drop lying at this resistor is an indicator of the current through the 
inductor, and this voltage drop is fed to the second transistor T2 via the resistor R4. 
If the second transistor T2 is an npn transistor, and the voltage dropping at the 
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resistor R2 is greater than the base-emitter voltage of this transistor, this transistor 
becomes conductive and it switches off the transistor Tl. 

In the sense of the step-up principle the inductor LI now tries to maintain the 
current flow and leads the current via the diode Dl into the output capacitor C2. The 

5 transistor T2 is kept conductive and the transistor Tl remains blocked via the 

capacitor CI and the current-limiting resistor R5. Only if the capacitor CI is charged, 
the transistor Tl is again released and again charged via the resistor Rl. This process 
is repeated until the desired output voltage is reached. The described regulator based 
on the transistor T3 and the Zener diode D4 then intervenes, i.e., if the output voltage 

10 is reached, the transistor T3 is switched on via the Zener diode D4 and the resistor R6 
and thus the gate of the transistor Tl is short-circuited. Tl remains switched off until 
the desired output voltage is again no longer exceeded, and then the Zener diode D4 
no longer conducts and the transistor T3 releases the first transistor Tl again. 

Thus, oscillations are interrupted in this simple circuit, if the desired voltage is 

15 reached. Two time constants, namely that of the storage inductor LI and of the 

sensor resistor R2, which determine the switch-on threshold of the second transistor 
T2 and the switch-on duration tl, whereas the time constants of the capacitor CI and 
of the resistor R5 determine the switch-off duration, are decisive for the function. 

The circu i t shown i n F i gure 2 corresponds essent i a ll y to the c i rcu i t accord i ng to 

20 F i gure 1, which can be i mmed i ate l y seen by means of o compar i son. It d i ffers as 
fo l lows: 

The storage inductor LI is formed here by the pr i mary w i nding of a transformer 
UET, where i n the voltage occurr i ng on the secondary wind i ng L2 is in turn rect i fied by 
means of the d i ode Dl and the output capacitor C2 and l eads to the output vo l tage 

25 U A t 

The output vo l tage U A i s regu l ated i n that the phototron si stor of on optocouplcr 
OKO, which i s used for the ga l vanic separat i on from the secondary side, is prov i ded 
i nstead of the th i rd trans i stor i n F i gure 1. On the secondary side, the send i ng d i ode of 
the optocoup l cr i s control l ed v i a a res i stor R6 and a Zener d i ode D 4 , where i n exact l y 
30 the some funct i on as descr i bed i n F i gure 1 regarding voltage regu l at i on i s obta i ned. 

Furthermore, another protect i ve circu i t i s shown i n F i gure 2, which cons i sts 
especial l y of the scr i es connect i on of a drop resistor Rs and a d i ode D2, wh i ch 
connects the end of the capacitor CI turned away from the storage i nductor LI to the 
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base of the transistor T2. Furthermore, the base em i tter path of this trans i stor T2 i s 
br i dged over by another d i ode D3. 

Th i s protect i ve c i rcuit i s used to not al l ow the transistor T2 to hove a negative 
vo l tage i n any state of operat i on and add i tiona ll y to quick l y d i scharge the capacitor CI 
i n the conductive phase of the f i rst trans i stor Tl. W i th the transistor Tl sw i tched on, 
the capac i tor CI w i th the t i me constant CI x Rs i s d i scharged v i a the scries connected 
d i odes D2 and D3, where i n it is requ i red that R3 i s l arger than R5, so that a quick 
d i scharge occurs. W i th the trans i stor Tl sw i tched off, the capac i tor CI i s slow l y 
charged v i a the res i stor R5 w i th the t i me constant CI x R5. The t i me constant must 
be so se l ected that enough t i me rema i ns for the demagnet i zat i on of the storage 
i nductor LI, so that same docs not conduct any current when the trans i stor Tl i s 
sw i tched on aga i n. 

It i s a l so poss i b l e to operate the storage i nductor LI i n trapezo i d operation, 
where i n the t i me constant CI x R5 i s then se l ected to be correspond i ng l y l ower. 
When switch i ng on the trans i stor Tl, the d i ode D3 prevents a negat i ve voltage at the 
base of the trans i stor and servos as reverse po l e protect i on. 

Although the invention is illustrated and described herein with reference to a 
specific embodiment, the invention is not intended to be limited to the details shown. 
Rather, various modifications may be made in the details within the scope and range 
of equivalents of the claims and without departing from the invention. 



